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ABSTRACT 

A search has been made for high mass narrow states decay- 

ing into yy .or nono in 400 GeV/c p-Be interactions, No signi- 

ficant peaks have been observed in either mass spectra between 

2 and 5 GeV/c'. We set an upper limit on oc production at 

3 GeV/c* of o .B(nc+ yy) CO.9 x 10q3* cm'/nucleon. Cross 

sections for yy and TOTLO production are presented and a compari- 

son with thelevel of diphotons expected from 11' and no decay 

has been made. 
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A number of C=*l states (e.g. ~)c, nc,, X0) of charm-anticharm 

quarks' have been predicted in the mass region 3 to 4 GeV/c'. 

as,sociated with the observed C=-1 states, $ (3.1) and p (3.7). 

The hadronic decays of these states are expected to be suppressed 

and consequently their mas.5 widths are nprrow. thereby enhancing 

the radiative decay channels such as Cc - yy. The OASP group has 

reported' an enhancement at 2.6 GeV/c ' in yy and pp final states 

in t+e- interactions, which they attribute to the r,,(2.6). Recent 

l *e- colliding beam experiments at SPEAR have yielded' negative 

results for thfs state. However a group at Serpukov has reported a 

dlphoton resonance at a mass of 2.85 GeV/c in the reaction n-p-yyn 

It 40 6eV and more recently a poisible candldate ior ric has been 

reported' at 2.97 GeV by the Crystal Ball at SPEAR. 

Ye have studied the redction 

p + Be-X l anything 

-L YY 

and Tooked for narrow states in the yy,system. The experiment was 

performed using a halo-free proton beam ‘ in the Proton Yest area 

at FermIlab. The detector'*' consisted of two spectrometer arms, 

each of which contained a 10 XG-m sweeping magnet. thick steel 

collimators. 3 layers of lccite hodoscopes. a lead converter. two 

layers of scintillator hodoscopes and 25 lead glasr Cercnkov counters. 

For this experiment the arms, each of which accepts a solld angle 

of 2 mstcrad. were set at a laboratory angle of 6.6' (120' in the 

oenter-of-mass system) covering a CH rapidfty range of -0.65 to -0.45. 

A trigger occurwd rhcn the total energies deposited in the lead 

glass arrays of both arms exceeded a threshold requirement and no 



charged particles were present in either arm. 

Before and after each data taking period, the lead glass 

clcments~were calibrated In place with a special electron beam 

generated In the upstream proton transport’. The gain of each 

lead glass counter was tracked between each electron bear cali- 

bration with a hydrogen thyratron flasher system. The posltton and 

energy of a photon candidate were determined by fitting the observed 

fractlonal energy deposit in each lead glass element to the trans- 

verse pattern medsured fn the electron calibrations’O. This 

reconstruction method yields a posltion resolution of c)= 0.25” for 

electromagnetic showers. 

TypfCdllY. 50X Of the events show a single energy cluster. and 

40% show two clusters in edCh lead gldss array. For events withy 

two clusters fn an drm. an invariant mass of the two-gamma system was 

forntd. Typical examples of the mass spectrum of two-cluster events 

are shown for two different energy ranges in Fig. 1. We see clear 

v” peaks at a mass Of 135 lleV/c' which vertfies our method of energy 

and posttion reconstruction. The solid lines are our estimate of the 

non-r’ backgrounds constructed from UnCOrreidted gammas in the data. 

An invariant mass’ of the diphoton system was computed for .evtnts 

with single gamma r 

cldrncts was calcu 11, 

by a spill quality 

uniform btdm spill 

ays In both arms. The rate of accidental .coin- 

ated from observed single-arm T rates and corrected 

factor which took into dccount the effect of non- 

The shape of the mass spectrum of accidental coin- 

ctdtncts obtained by comblnlng single photon inclusive data froa 

each am uds slightly steeper than the true coincidence mass spectrur. 

The level of ICCidentdTS 1s dpproximstely 20: of the two photon mass 

dlstrlbutton dt the low mass end of the specturm. but is less than 

. 
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57. of the ddtd above 0 GeVlc'. Most of the high mass yy events 

above 4.5 GeVlc' are due to high energy no's decaying into two 

gammas which coalesce into a single energy cluster in the ledd 

glass array. Ye have estimated the Shdpe and absolute level of 

this coalescing no contribution from the observed yn" coincidence 

rates multiplied by the no coalescing probability computed by a 

Monte Carlo method. This coalescing no background is less than 

52 of the yy ddtd below 3 GeV/c*. Fig. 2 shows the mass spectrum 

after subtractfan of accidental r0 events. The acceptance for the YY 

system, the effect of dedd time. trigger inefficiencies.and vetoing 

by charged particles have taken into account. There is no obvious 

lndfcation of any narrow mass state. We have determined an upper 

limit of the cross section times branching ratio for a two-photon decay 

of such a state based on our expected mdss resolution (8, m/n~O.O6FWHM). 

The solid line in Fig. 2 shows the approximate upper limit of 

~-(~)y'.o.s at the 902 confidence level. Assuming a linear A 

dependence, we obtain B-(d3/dy)y1-0-5<0.9 x,10-'2cm2/nucleon at the 

yy mass of 3.0 GeV/c'. It 1,s interesting to compare this upper 

limit with the observed I$ production in pBe interactions, 

B(v-**u7-(% 
dy Y=O 

s 0.7 x lo-" cm'lnucleon". Usfng a theoretical 
? 

predlction of the branching ratio B(n, + yy) - 1.4 x lo-' along with 

an assumed (l-x)' dependence of nc production", we obtain 

UT(pBe+nc*dnything) c 9 ublnucleon for total production cross section 

of nc(3.0). 

Ye have investigated possible sources of the observed yy mass 

spectrum. In order to dothis we have measured the high mdss rona 

spectrum. A x0 mass cut of 135265 MeV/c* has been applied for two- 
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cluster events fn both spectrometer arms. The accidental sub- 

traction procedure was the same as that used for the correction of the 

yy spectrum. False nono combinations due to non-n' components 

under the no mdss peak (see Fig. 1) were subtracted using coin- 

cidence ddtd with the two photon mass outside the no mass cut. 

Ffg. 3 shows the non0 cross sections corrected for acceptance. 

trigger inefficiency,and dead time. Ye also show fn Fig. 3 the 

1+1- mdss spectra observed at y = 0 in other experiments done at 

FermIlab". 

A Monte Carlo calculation based on the observed non0 spectrum 

has been made to investigate orjgins of the observed yy mass 

spectrum. Ye also estimated a possib'le contribution from non and 

nn ffnel states assuming ~(n~)=~u(nn")=ho(nOnO) as suggested by 

our measurement of inclusiv.e,;/n" pro~duction',. As shown by the 

dash-dotted lines fn Fig. 2. the yy spectrum can be explained by 

decays of n"vo(+von*nn) states in which only one photon from. 

tither no(n) is accepted by the, spectrometer arms. 

In conclusion. we have observed no indication of ndrrow states 

in yy(and non') final states in the mass range from 2 to 5 GeV/c*: 

The upper lfmft B(r,, + yy)$ x0.9 x lo-" cm'lnucleon ~&as obtained 

for the production of nc at the nc mass of 3.0 GeV/c'. The observed 

yv continuum can be explained as having its source in the two photon 

decays of correlated Y'T', nw", and nn final states. 

Ye wish to thank the personnel of the Proton Department at 

Fermilab for their expert assistance. This work was supported in 

Part by U.S. Department of Energy, the Research Corpcrdtion.and the 

National Science Foundation. 
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FIGURE CAPTIONS 

Two photon mass spectrum of two cluster events in an 

drm. (a) E = 8.5 GeV (b) Eyy = 15-17 GeV. The solid 

lines are the estimdtes of non-n' background caused by 

UnCOrrtldted gamma rays. 

Differential cross sections of yy final states dt 400 

GeV/c. The solid line is the upper limit of narrow 

resonance in production units of B*do/dy~ca'/(8e-nucleus). 

Curve (a) indicates the coalescing IT' contribution to yy based 

on nay data. Curve(b)ls the Monte Carlo estimate of the 

yv contrfbutfon based on observed noi0 final state.. Curve 

(c)denotes the yy contribution from non and nn ds well 

as vono final states. 

Differential cross section at 400 GeVfc for non0 final 

States at y ~-0.55, and n+n- final states at y = 0. The 

dotted lfne is l,/Z(l - (xl)' times the n+n- cross sections 

from the experiments of reference 12. 
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